Introduction 46
Global warming may lead to a significant reduction of forest productivity through a 47 decrease in net assimilation rate of CO 2 (Lloyd and Farquhar, 2008; Sage et al., 2008) . split. The same environment parameters as in greenhouses were used, except PAR, which 135 was kept at a constant rate of 500 µmol m −2 s −1 during day time. In each growth chamber, 136 half of plants (n=18) were randomly assigned to receive a low-nitrogen fertilization 137 treatment (5 mM) while the other half received a high-nitrogen (20 mM). Nitrogen was 138 added, every week, using (20N-20P-20K) fertilizer dissolved in distilled water. Plants (n = 139 72; 2 growth temperatures × 2 nitrogen levels × 2 hybrid poplar clones × 9 replicates) were 140 allowed to acclimate to respective growth conditions for 6 weeks before measurements 141 were taken. Pots were moved within each chamber every third day to eliminate any 142 position-related bias. clones × 2 temperatures × 2 N levels). Given the limited control capacity of LI-6400 system 150 on leaf temperature in the cuvette (T leaf can be set to ± 6°C of the ambient temperature), 151 measurements were performed in a growth chamber under controlled temperature and 152 relative humidity. Growth chamber temperature was set manually to desired T leaf allowing 153 an effective and quick easy adjustment over the 10 -40°C range and an exposure of the 154 whole plant to the targeted temperature.
Temperature was increased from 10°C to 40°C with 5°C increment and plants were allowed 156 to acclimate for at least 20 min to each step. At each temperature, we measured dark 157 respiration (R d ) followed by A-C i response curve records with 10-minutes period between 158 R d and A-C i respected to allow complete opening of stomata. A-Ci response curves were 159 recorded at each temperature after at least 10 min of steady state at ambient CO 2 partial 160 pressure C a =400 µmol mol -1 and a saturated photosynthetic active radiation PAR=800 161 µmol m -2 s -1 . The saturated PAR was determined from measured A-Q curve on 3 plants 162 from each Clone×Growth T° combination at 25°C. Thereafter, the reference CO 2 (C a ) was 163 changed in the following order: 400, 350, 300, 200, 100, 50, 400, 500, 600, 800, 900, 1000, 164 1200, 1400, and 1600 µmol mol -1 . Values were recorded based on the stability of 165 photosynthesis, stomatal conductance (g s ), CO 2 and water vapor concentration. The vapor 166 pressure difference (VPD) during measurement varied from 0.5 to 3.2 KPa from low to 167 high temperature and was lowered as much as possible at high temperature by maintaining 168 relative humidity (RH) at 70% inside the growth chamber. Similarly, RH was maintained 169 at 50% to maintain VPD as high as 0.5 KPa at low temperature. The list of abbreviations 170 and symbols are given in Table 1 . 9 Maximal carboxylation rate at leaf temperature of 25°C µmol CO 2 m -2 s -1
Estimation of gas exchange parameters 178
The photosynthetic capacity variables ,V cmax and J max , were estimated from gas-exchange (2007) . Briefly, the net assimilation rate (A n ) is given as:
where V cmax is the apparent maximum rate of carboxylation (µmol CO 2 m -2 s -1 ), O is the 193 partial atmospheric pressure of O 2 (mmol mol -1 ) , Γ * is the CO 2 photo-compensation point where A n (T) is the photosynthetic rate at temperature T in °C, A opt is the photosynthetic rate 210 at the temperature optimum (T opt ) and the parameter b describes the spread of the parabola.
211
A growth was then estimated using the obtained parameters from equation (5) Dark respiration temperature response curves were fitted with a model in equation (6) where R d 10 is the measured basal rate of R d at the reference temperature of 10°C.
221
The responses of V cmax and J to leaf temperature were fitted using the following two models 222 (equation (7) and (8) 
where E a is the activation energy, E d is the energy of deactivation, K opt is the V cmax or J at (Table 2) . Also, T opt was lower than growth 286 temperature except for clone M×B at 23°C. The two hybrid poplar clones showed different 287 trends regarding A n at T opt (A opt ) which increased with increasing growth temperature for 288 clone M×B and remained unaffected for clone M×N. A growth had a similar trend as A opt in 289 response to growth temperature and N level. Both A growth and A opt declined at low N level 290 for both clones (Table 2) .
291
The two hybrid poplar clones had different strategies in term of thermal response of dark 292 respiration (R d ) ( Fig. 1c, 1d curves are given in Table S1 . A growth 10.6(1.0)b 6.9(0.9)c 13.9(1.1)a 8.9(1.1)c 14.9(1.1)a 9.6(0.9)c 13.4(1.1)a 9.5(1.1)c Temperature response of apparent V cmax and J to clone M×B (Fig. 4a ). Nitrogen enrichment remarkably increased the relative amount of N level, compared to M×B (Fig. 4b) . Except for clone M×B at high N, RARCA was 359 stimulated by warmer growth temperature (Fig. 4b) . More importantly, the ratio of short 360 isoform to large isoform of RCA was markedly simulated by warm conditions for clone 361 M×N and only at low N for clone M×B (Fig. 5) . The temperature optimum (T opt ) of apparent V cmax and J acclimated to growth temperature 435 (Fig. 2) as observed for others species (Kattge and Knorr, 2007; Crous et al., 2018) and 436 may have contributed in the observed acclimation of A n (Fig. 1) . Under cooler conditions, 437 T opt of apparent V cmax and J were similar but much higher than that of A n indicating a very 438 likely involvement of other traits in the observed value of T opt of A n under this condition 439 (23 °C).
441
The adjustment of leaf nitrogen invested in soluble vs. insoluble proteins in response to 442 change in growth temperature, inferred from J max 25 to V cmax 25 ratio, can be achieved through 443 the maintenance of an optimal balance between the rate of photosynthetic carboxylation 444 vs. RuBP regeneration.This mechanism allows plants to maximize the photosynthetic rate 445 at a given growth temperature (Hikosaka et al., 1999; Kattge and Knorr, 2007) . Therefore, 446 the decrease of J max 25 :V cmax 25 ratio consequent to an increase of growth temperature has 447 been reported to significantly contribute to thermal acclimation of A n (Kattge and Knorr, been reported for several tree species (Crafts-Brandner and Salvucci, 2000; Hozain et al., In conclusion, the observed thermal acclimation of photosynthesis under our experimental 495 conditions was clearly related to the modulation of photosynthetic capacity and g s in 496 response to growth temperature. The modulation of the photosynthetic capacity was mainly 497 linked to RCA but not RuBisCO content. Further investigation regarding the involvement 498 of mesophyll conductance and hydraulic conductivity should clarify the mechanistic basis 499 of the observed trends. 500 emission, respiration and photosynthesis to high growth temperature coupled with 530 drought stress in black poplar (Populus nigra) saplings. Tree Physiol 31:275-286.
